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Abstract
Motivated by the first untagged decay-time-integrated amplitude analysis of Bs → KSK
∓
pi
± decays
performed by LHCb collaboration, where the decay amplitudes are modeled to contain the resonant contri-
butions from intermediate resonances K∗(892), K∗0 (1430) and K
∗
2 (1430), we comprehensively investigate the
quasi-two-body Bs → K
0(K
0
)K±pi∓ decays, and calculate the branching fractions and the time-dependent
CP asymmetries within the perturbative QCD approach based on the kT factorization. In the quasi-two-
body space region the calculated branching fractions with the considered intermediate resonances are in
good agreement with the experimental results of LHCb by adopting proper Kpi pair wave function, describ-
ing the interaction between the kaon and pion in the Kpi pair. Furthermore,within the obtained branching
fractions of the quasi-two-body decays, we also calculate the branching fractions of corresponding two-body
decays, and the results consist with the LHCb measurements and the earlier studies with errors. For these
considered decays, since the final states are not flavour-specific, the time-dependent CP could be measured.
We then calculate six CP -violation observables, which can be tested in the ongoing LHCb experiment.
1 Introduction
It is well known to us that B meson decays play crucial roles in testing the standard model (SM), understanding
the chromodynamics and searching for the possible new physics beyond SM [1–3]. In recent years, based on
the large data sample, more and more detailed analysis on the B meson three-body hadronic decays have
been performed by the BaBar [4–15], Belle [16–22], CLEO [23] and LHCb [24–37] collaborations. Due to
large phase spaces, some of three-body B decays have the branching fractions as large as 10−5, which can
be measured precisely with small uncertainties. In the theoretical side, three-body non-leptonic B decays are
interesting for several phenomenological applications, such as the study of CP violation and the extraction of
the CKM angles α [38] and γ [39]. The abundant measurements and phenomenology in three-body decays
attract considerable theoretical interests in understanding three-body hadronic B meson decays, as a result,
studies of various three-body hadronic B decays have been accomplished in different frameworks, such as the
symmetry principles [40–44], the QCD factorization (QCDF) [45–52], the PQCD approach [53–80], and other
theoretical methods [81–85].
In contrast to the two-body decays where the momenta of final states are fixed, the momenta of final states of
three-body vary in certain ranges. Strong dynamics contained in three-body hadronic B meson decays is much
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more complicated than that in two-body cases, because of entangled nonresonant and resonant contributions,
and significant final-state interactions. In particular, the Dalitz plot analysis has been adopted for studying
the three-body decays. The Dalitz plot can be divided into different regions with characteristic kinematics.
In the central region where three daughters with large energy fly apart from each other in the B rest frame
at about 120◦ angle, the contribution is nonresonant and both power- and αs-suppressed with respect to the
amplitude at the edge [86]. The corners of the Dalitz plot correspond to the cases in which there is one particle
at almost rest, while the other two particles fly back-to-back. At the edge of the Dalitz plot where the three
mesons are quasi aligned, two mesons move collinearly and recoil against the third meson. We will denote such
processes as B → (M1M2)M3 where the mesons of the M1M2 pair, move, more or less, in the same direction.
The bachelor particle M3 moves in the opposite direction. In such condition, the three-body interactions are
expected to suppressed. Thereby, it is reasonable to assume the validity of factorization for this quasi–two-body
B decay [87] where we assume that the quasi-two-body final stateM1M2 pair originates from a quark-antiquark
state. In some certain energy regions, some resonant structures can be seen. For the Kπ pair, one clearly
observes a vector K∗, a scalar K∗0 (1430) and a tensor K
∗
2 (1430) in B → Kππ decays [5, 9, 10, 20].
In the decays of B mesons, the decay modes induced by the flavor-changing neutral-current b → s are
of interest to search for the new source of CP asymmetry beyond the Cabibbo-Kobayashi-Maskawa (CKM)
mechanism and to probe the new physics beyond SM, because the new particles could affect the observables
by entering the loops. Along this line, the analysis of Bs → KSK±π∓ decays have been preformed by LHCb
collaboration [34–37], and the corresponding quasi-two-body decays with respect to the resonances K∗ and K∗0
have also been explored. For these decays, the KSK
+π− and KSK
−π+ final states are not flavour-special
and as such both B0s and B
0
s decays can contribute to each, with the corresponding amplitudes expected to be
comparable in magnitude. The resonant and nonresonant contributions can provide different sources of strong
phases, so large interference effects and potentially large CP-violation effects are possible. Very recently in
ref. [29], the LHCb collaboration released the first untagged decay-time-integrated amplitude analysis to these
Bs → KSK±π∓ decays with the K∗(892), K∗0 (1430) and K∗2 (1430) intermediate resonances using a sample
corresponding to 3.0 fb−1 of pp collision data, and the observed branching ratios of quasi-two-body decays
were also reported. Motivated by above results, we shall investigate the four Bs(B
0
s) → KSK±π∓ decays in
the regions relate to the K∗(892), K∗0 (1430) and K
∗
2 (1430) resonances within the PQCD approach. Besides
the branching fractions of these quasi-two-body decays, we will calculate the direct CP violations and the
time-dependent CP -violations in detail, which could be measured in the ongoing LHCb experiment.
As aforementioned, in the quasi-two-body B → (M1M2)M3 decays, the two mesons M1M2 move collinearly
fast, and the bachelor meson M3 is also energetic and recoil against the meson pair in the B meson rest frame.
The interaction between the meson pair and the bachelor meson is viewed as to be power suppressed. At the
quark level this configuration involves the hadronization of two energetic collinear quarks, produced from the b
quark decay, into the two collimated hadrons. In this picture, the factorization formula for the B → (M1M2)M3
decay is then expressed to be the convolution as [88, 89]
A ∼ ΦB ⊗H⊗ ΦM1M2 ⊗ ΦM3 , (1)
where H is the hard kernel, ΦB and ΦM3 being the universal wave functions of the B meson and the bachelor
meson, respectively. The resonant and nonresonant interactions between the two moving collinearly mesons
are all included in the two-meson wave function ΦM1M2 . In PQCD approach based on kT factorization [90–92]
these decays are governed by the transition with a hard gluon exchanging between the spectator quark and
the quark involved in the four-quark operator, making the hard kernel become the six-quark interaction rather
than the traditional four-quark interaction. The hard kernel H can be calculated perturbatively away from the
endpoint singularity, as the intrinsic transverse momenta of the inner quarks are retained. Besides the hard
gluon exchange with the spectator quark, the soft gluon exchanges between quark lines give out the double
logarithms from the overlap of collinear and soft divergence. The resummation of these double logarithms leads
to a Sudakov form factor, which could suppresses the long distance contributions. More details about the PQCD
can be found in refs. [93, 94].
The rest of the paper is organized as follows. In Sec.2, we will introduce the decay formalism including the
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weak decay Hamiltonian, the two-meson wave functions and the mixing in Bs − Bs system. The total decay
amplitudes with the wilson coefficients, CKM matrix elements and the amplitudes of four-quark operators will
be presented in Sec. 2. In Sec. 3, we will address the numerical results including the branching fractions and
the time-dependent CP -violation observables. Lastly, we summarize this work in Sec. 4.
2 Framework and Amplitudes
In this section, we will start with the effective weak Hamiltonian for the b → s transitions, which are given
by [95]
Heff = GF√
2
{V ∗ubVus(C1O1 + C2O2)− V ∗tbVts
10∑
i=3
CiOi}, (2)
where Vub(s) and Vtb(s) are the CKM matrix elements. The explicit expressions of the local four-quark operators
Oi (i = 1, ..., 10) and the corresponding wilson coefficients Ci at different scales have been given in Ref. [95].
Note that O1 and O2 are tree operators and others O3−10 are penguin ones. Noted that the interference between
the contributions from tree operators and the ones from the penguins leads to the CP asymmetry in SM.
In what follows, for the sake of brevity, we shall take the decay B
0
s → (K0π+)K− as an example for
illustration. From eq.(1), in order to calculate the decay amplitude of this decay, the wave functions of ΦBs ,
ΦK and ΦKpi are needed. It is true that in PQCD approach the wave functions are the most important inputs
which affect remarkably the predictions and are the main sources of the theoretical uncertainties. For the Bs
meson and K meson, the wave functions have been well discussed and established in the charm/charmless
two-body decays [96–108]. For the Kπ-pair, a wave function ΦKpi describes the hadronization of two collinear
quarks, together with other quarks popped out of the vacuum, into two collimated mesons. Now, although the
exact form of the wave function based on QCD-inspired approach is absent, there are many phenomenological
attempts based on the experimental measurements, and the involved parameters can be constrained. In this
work, we will also adopt the analytic forms that have been constrained from B → Kππ [59], B → KKπ [78]and
B → ψKπ [73]. In the current work, we will follow the analysis of LHCb [29], and account for the S-wave,
P -wave and D-wave resonances corresponding to K∗0 (1430), K
∗(892) and K∗2 (1430), respectively.
We first present the S-wave Kπ-pair wave function ΦS as [73]
ΦS =
1
2
√
Nc
[
P/φS(z, ζ, ω) + ωφ
s
S(z, ζ, ω) + ω(n/v/− 1)φtS(z, ζ, ω)
]
, (3)
where P is the momentum of the Kπ-pair in the B
0
s meson rest framework, and n = (1, 0, 0T ) and v = (0, 1, 0T )
are the dimensionless vectors. φS is the twist-2 light-cone distribution amplitude (DA), and φ
s,t
S are the twist-3
ones. In the DAs, z is the momentum fraction of the spectator quark, and ζ is the momentum fraction of the K
in the Kπ-pair. ω is the invariant mass of the Kπ-pair satisfying ω2 = P 2. The light-cone DAs can be expanded
in terms of the Gegenbauer polynomials such as C
3/2
1,3 with corresponding Gegenbauer moments as [73]:
φS(z, ζ, ω) =
6
2
√
2Nc
FS(ω)z(1− z)
[
1
µS
+B1C
3/2
1 (1− 2z) +B3C3/23 (1− 2z)
]
, (4)
φsS(z, ζ, ω) =
1
2
√
2Nc
FS(ω), (5)
φtS(z, ζ, ω) =
1
2
√
2Nc
FS(ω)(1− 2z), (6)
with µS = ω/(m2 −m1) where m1,2 are the masses of the running current quarks in the resonance K∗0 (1430).
For B1 and B3, unlike in the refs. [78] where the authors have adopt the same values as ones of the K
∗
0 (1430)
and large uncertainties were taken, we here determined these values to be B1 = −0.4 and B3 = −0.8 within
the current experimental data [29], with which we then predict the six CP -violation observables later. FS(ω)
is the time-like form factor, and in particular it is often parameterized by the relativistic Breit-Wigner (RBW)
model. However, the RBW function is a good model for narrow resonances that are well separated from any
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other resonant or nonresonant contribution of the same spin. This approach is known to break down in the Kπ
S-wave because the K∗0 (1430) resonance interferes strongly with a slowly varying nonresonant term [109]. In
view of this, the LASS line shape [110,111] is developed to evaluate the combined amplitude, the expression of
which is given by
FS(ω) =
ω
|p1|(cot δ − i) + e
2iδ
m0Γ0
m0
|p0|
m20 − ω2 − im0Γ0 |p1|ω m0|p0|
, (7)
with cot δ = 1a|p1| +
r|p1|
2 . The m0 and Γ0 are the pole mass and width of the cresponding resonance K
∗
0 (1430),
respectively. |p1| is the magnitude of the momentum of one of daughter of resonance in the center-of-mass frame
of the meson pair, the value of which is |p0| when the invariant mass ω equals to m0. The shape parameters
a = 1.95 GeV−1 and r = 1.95 GeV−1 [112] are the scattering length and the effective range, respectively. It is
noted that the first term represents a background i.e. nonresonant contribution, while the second is the resonant
contribution. In this work, we shall adopt the LASS line shape, as done in the LHCb experiment [29].
The wave function of P -wave Kπ pair is very similar to that of the vector meson. Due to the angular
momentum conservation, only the longitudinal wave function contribute to the decay modes we concerned, and
it is written as [73]
ΦP =
1√
2Nc
[
P/φP (z, ζ, ω) + ωφ
s
P (z, ζ, ω) +
P/1P/2 − P/2P/1
ω(2ζ − 1) φ
t
P (z, ζ, ω)
]
, (8)
with the twist-2, 3 light-cone distribution amplitudes
φP (z, ζ, ω) =
3F
‖
P (ω)√
2NC
z(1− z)
[
1 + a1C
3/2
1 (t) + a2C
3/2
2 (t)
]
(2ζ − 1− ξ), (9)
φsP (z, ζ, ω) =
3F⊥P (ω)
2
√
2NC
[
t(1 + ast)− as2z(1− z)
]
(2ζ − 1), (10)
φtP (z, ζ, ω) =
3F⊥P (ω)
2
√
2NC
t
[
t+ at(3t
2 − 1)
]
(2ζ − 1), (11)
and t = 1− 2z. The parameter ξ is defined as
ξ =
m2K −m2pi
ω2
, (12)
which reflects the mass difference between kaon and pion in the Kπ pair. The Gegenbauer moments ai (i =
1, 2, s, t) have been determined in the refs. [72, 73] and are taken as
a1 = 0.2, a2 = 0.5, as = −0.2, at = 0.2. (13)
For the P -wave time-like form factor F
‖
P , we adopt the RBW model [111] and present the function as
F
‖
P (ω) =
cm20
m20 − ω2 − im0Γ(ω)
, (14)
where m0 is the nominal mass of the resonance. For a resonance with spin-L, the mass-dependent width Γ(ω)
can be expressed as [14, 111]
Γ(ω) = Γ0
( |p1|
|p0|
)2L+1 (m0
ω
)
X2L(r|p1|), (15)
where the definitions of |p0| and |p1| are same as ones in eq.(7). The Blatt-Weillkopf barrier factor XL [113] are
angular momentum dependent and are given by
L = 0, X(a) = 1, (16)
L = 1, X(a) =
√
1 + a20
1 + a2
, (17)
4
L = 2, X(a) =
√
a40 + 3a
2
0 + 9
a4 + 3a2 + 9
, (18)
where the a0 is the value of a at the pole mass of the resonance. The effective meson radius r is taken to be
4 GeV−1 ≈ 0.8 fm [5] for each resonance. Note that the value of r does not affect the predictions remarkably.
Here we follow the definition and the determination of the ref. [73] and adopt c = 0.72. We also point out that
the coefficient c can be absorbed in the value of Gegenbauer moments when only considering singlet resonance
K∗(892). As for the transverse time-like form factor F⊥P , we follow ref. [55] and use the relation as
F⊥P
F
‖
P
≈ f
T
V
fV
, (19)
where the f
(T )
V is the vector (tensor) decay constant of the P -wave resonance K
∗(892).
For the D-wave Kπ-pair with the spin L = 2, the helicity λ = ±2 components do not contribute because of
the angular momentum conservation. So, the form of the D-wave Kπ-pair is almost similar to that of P -wave
pair shown in eq.(8) with the different distribution amplitudes φT , φ
s
T and φ
t
T as
φT (z, ζ, ω) =
√
2
3
6F
‖
D(ω)
2
√
2Nc
z(1− z) [3aD(2z − 1)]P2(2ζ − 1), (20)
φsT (z, ζ, ω) =
√
2
3
−9F⊥D (ω)
4
√
2Nc
[
aD(1− 6z + 6z2)
]
P2(2ζ − 1), (21)
φtT (z, ζ, ω) =
√
2
3
9F⊥D (ω)
4
√
2Nc
[
aD(1 − 6z + 6z2)(2z − 1)
]
P2(2ζ − 1), (22)
with the Gegenbauer moment aD = 0.5 and the Legendre polynomial P2(x) =
1
2 (3x
2 − 1). F ‖D and F⊥D are
the D-wave time-like form factors, and they are described by the RBW model in eq.(14) and eq.(19) with the
parameters of the corresponding resonance K∗2 (1430) meson [114].
For simplicity, we work in the rest frame of the B
0
s meson. For the mode B
0
s → (K0π+)K−, in the light-cone
coordinates the B
0
s momentum pB, the Pπ pair momentum P and the bachelor K
− momentum p3 can be
written as [55, 56]
pB =
mBs√
2
(1, 1,~0T), P =
mBs√
2
(1, η2,~0T), p3 =
mBs√
2
(0, 1− η2,~0T), (23)
with mBs being the B
0
s meson mass and η = w/mBs . The momenta of the light spectator quark s¯ in B
0
s and
Pπ pair are denoted as kB and kP , and the momentum of the light quark in the bachelor K
− is k3, and they
are given by
kB = (0,
mBs√
2
x,~k1T), kP =
(
mBs√
2
z, 0,~kPT
)
, k3 =
(
0,
mBs√
2
(1− η2)x3,~k3T
)
, (24)
where x, z and x3 are the momentum fractions. In the Kπ pair, the momenta p1 and p2 for the kaon and pion
have the components as
p+1 = ζ
mBs√
2
, p−1 = (1− ζ)η2
mBs√
2
, p+2 = (1 − ζ)
mBs√
2
, p−2 = ζη
2mBs√
2
, (25)
with ζ varying in [0, 1].
Based on the aforementioned two-meson wave functions introduced and dynamical conventions, we can
calculate each diagrams shown in Fig. 1 in PQCD approach. The amplitudes of B
0
s → (K0π+)K−, (K
0
π−)K+,
(K−π+)K0 and (K+π−)K
0
are given as:
A(B0s → (K0π+)K−)
=
GF√
2
{
VubV
∗
us
(
FLLK0pi+
[1
3
C1 + C2
]
+MLLK0pi+
[
C1
]
+ALLK0pi+,K−
[
C1 +
1
3
C2
]
+WLLK0pi+,K−
[
C2
])
5
− VtbV ∗ts
(
FLLK0pi+
[1
3
C3 + C4 +
1
3
C9 + C10
]
+ FSPK0pi+
[1
3
C5 + C6 +
1
3
C7 + C8
]
+MLLK0pi+
[
C3 + C9
]
+MLRK0pi+
[
C5 + C7
]
+ALLK0pi+,K−
[
C3 +
1
3
C4 + C9 +
1
3
C10
]
+ALRK0pi+,K−
[
C5 +
1
3
C6 + C7 +
1
3
C8
]
+WLLK0pi+,K−
[
C4 + C10
]
+WSPK0pi+,K−
[
C6 + C8
]
+ALLK−,K0pi+
[4
3
C3 +
4
3
C4 − 2
3
C9 − 2
3
C10
]
+ALRK−,K0pi+
[
C5 +
1
3
C6 − 1
2
C7 − 1
6
C8
]
+ASPK−,K0pi+
[1
3
C5 + C6 − 1
6
C7 − 1
2
C8
]
+WLLK−,K0pi+
[
C3 + C4 − 1
2
C9 − 1
2
C10
]
+WLRK−,K0pi+
[
C5 − 1
2
C7
]
+WSPK−,K0pi+
[
C6 − 1
2
C8
])}
, (26)
A(B0s → (K
0
π−)K+)
=
GF√
2
{
VubV
∗
us
(
FLLK+
[1
3
C1 + C2
]
+MLLK+
[
C1
]
+ALL
K+,K
0
pi−
[
C1 +
1
3
C2
]
+WLL
K+,K
0
pi−
[
C2
])
− VtbV ∗ts
(
FLLK+
[1
3
C3 + C4 +
1
3
C9 + C10
]
+ FSPK+
[1
3
C5 + C6 +
1
3
C7 + C8
]
+MLLK+
[
C3 + C9
]
+MLRK+
[
C5 + C7
]
+ALL
K+,K
0
pi−
[
C3 +
1
3
C4 + C9 +
1
3
C10
]
+ALR
K+,K
0
pi−
[
C5 +
1
3
C6 + C7 +
1
3
C8
]
+WLL
K+,K
0
pi−
[
C4 + C10
]
+WSP
K+,K
0
pi−
[
C6 + C8
]
+ALL
K
0
pi−,K+
[4
3
C3 +
4
3
C4 − 2
3
C9 − 2
3
C10
]
+ALR
K
0
pi−,K+
[
C5 +
1
3
C6 − 1
2
C7 − 1
6
C8
]
+ASP
K
0
pi−,K+
[1
3
C5 + C6 − 1
6
C7 − 1
2
C8
]
+WLL
K
0
pi−,K+
[
C3 + C4 − 1
2
C9 − 1
2
C10
]
+WLR
K
0
pi−,K+
[
C5 − 1
2
C7
]
+WSP
K
0
pi−,K+
[
C6 − 1
2
C8
])}
, (27)
A(B0s → (K+π−)K
0
)
= −GF√
2
VtbV
∗
ts
(
FLLK+pi−
[1
3
C3 + C4 − 1
6
C9 − 1
2
C10
]
+ FSPK+pi−
[1
3
C5 + C6 − 1
6
C7 − 1
2
C8
]
+MLLK+pi−
[
C3 − 1
2
C9
]
+MLRK+pi−
[
C5 − 1
2
C7
]
+ALL
K
0
,K+pi−
[4
3
C3 +
4
3
C4 − 2
3
C9 − 2
3
C10
]
+ALR
K
0
,K+pi−
[
C5 +
1
3
C6 − 1
2
C7 − 1
6
C8
]
+ASP
K
0
,K+pi−
[1
3
C5 + C6 − 1
6
C7 − 1
2
C8
]
+WLL
K
0
,K+pi−
[
C3 + C4 − 1
2
C9 − 1
2
C10
]
+WLR
K
0
,K+pi−
[
C5 − 1
2
C7
]
+WSP
K
0
,K+pi−
[
C6 − 1
2
C8
]
+ALL
K+pi−,K
0
[
C3 +
1
3
C4 − 1
2
C9 − 1
6
C10
]
+ALR
K+pi−,K
0
[
C5 +
1
3
C6 − 1
2
C7 − 1
6
C8
]
+WLL
K+pi−,K
0
[
C4 − 1
2
C10
]
+WSP
K+pi−,K
0
[
C6 − 1
2
C8
])
, (28)
A(B0s → (K−π+)K0)
= −GF√
2
VtbV
∗
ts
(
FLLK0
[1
3
C3 + C4 − 1
6
C9 − 1
2
C10
]
+ FSPK0
[1
3
C5 + C6 − 1
6
C7 − 1
2
C8
]
+MLLK0
[
C3 − 1
2
C9
]
+MLRK0
[
C5 − 1
2
C7
]
+ALLK−pi+,K0
[4
3
C3 +
4
3
C4 − 2
3
C9 − 2
3
C10
]
+ALRK−pi+,K0
[
C5 +
1
3
C6 − 1
2
C7 − 1
6
C8
]
+ASPK−pi+,K0
[1
3
C5 + C6 − 1
6
C7 − 1
2
C8
]
6
+WLLK−pi+,K0
[
C3 + C4 − 1
2
C9 − 1
2
C10
]
+WLRK−pi+,K0
[
C5 − 1
2
C7
]
+WSPK−pi+,K0
[
C6 − 1
2
C8
]
+ALLK0,K−pi+
[
C3 +
1
3
C4 − 1
2
C9 − 1
6
C10
]
+ALRK0,K−pi+
[
C5 +
1
3
C6 − 1
2
C7 − 1
6
C8
]
+WLLK0,K−pi+
[
C4 − 1
2
C10
]
+WSPK0,K−pi+
[
C6 − 1
2
C8
])
. (29)
b
s¯
b
b
s¯
b
s¯s¯
1 2
3 4 5
6
7
8
(c)(b)(a) (d)
Figure 1: Typical Feynman diagrams for the B
0
s → KKπ in PQCD, where the black squares stand for the weak
vertices, and large (purple) spots on the quark lines denote possible attachments of hard gluons. The green
ellipses represent Kπ-pair and the red ones are the light bachelor mesons.
In above formulas, F stands for the amplitudes from the factorizable emission diagrams, and M for the
nonfactorizable ones. In diagrams (a) and (b) of Fig. 1, when the hard gluons are from the spots “1” and “2”,
their amplitudes are summed into F , and the amplitudes M is the sum of contributions from spots “3” and
“4”. A and W are the contributions from the annihilation type amplitudes, which are associated with the W
boson annihilation and W exchange type process respectively. In practice, in diagrams (c) and (d), the sum
of contributions that the gluon are from “5” and “6” are denoted as A, and the contributions that the gluon
are from “7” and “8” are denoted as W The superscripts LL, LR, and SP refer to the contributions from
(V −A)⊗ (V −A), (V −A)⊗ (V +A), and (S−P )⊗ (S+P ) operators. The subscripts in F andM denote the
recoiled particles or particle pairs, while the symbols Aa,b andWa,b means that a and b are the upper and lower
particle or particle-pair, as indicated in Fig. 1. Due to the limitation of space, we will not present their explicit
expressions here, which have been given in ref. [79]. In fact, not all terms can contribute to the decay modes
we discussed. In the decays with the S-wave K∗0 (1430) as the resonance, the FSPKpi will contribute to the decay
amplitudes, which disappear in these decays with vector resonance, as the vector structure can not be produced
through (S ± P ) currents. Likewise, the FKpi will disappear in the decays with the resonance K∗2 (1430) due to
the fact that the tensor structure cannot be produced through V ± A and S ± P currents.
Last, we can obtain the differential branching fraction
d2B
dζdω
=
τω|~p1||~p3|
32π3m3Bs
|A|2. (30)
The magnitudes of three-momenta of the kaon and the bachelor particle in the rest reference frame of the
Kπ-pair are given by
|~p1| =
√
λ(ω2,m2K ,m
2
pi)
2ω
, |~p3| =
√
λ(m2Bs ,m
2
K , ω
2)
2ω
, (31)
with the standard Ka¨lle´n function λ(a, b, c) = a2 + b2 + c2 − 2(ab+ ac+ bc).
3 Numerical Results and Discussions
To perform the theoretical predictions, we should adopt the proper parameters, such as the QCD scale, the
mass, lifetime and decay constant of the Bs meson, the masses and the widths of the intermediate resonant
mesons, and the CKM matrix elements are summarized as follows [114]:
Λf=4QCD = 0.25± 0.05GeV, mB = 5.366GeV, fB = 0.23± 0.02GeV, τBs = 1.509 ps,
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mK∗±(892)/K∗0(892) = 0.892/0.895GeV, ΓK∗±(892)/K∗0(892) = 0.0508/0.0474GeV,
mK∗±2 (1430)/K∗02 (1430)
= 1.425/1.432GeV, ΓK∗±2 (1430)/K∗02 (1430)
= 0.0985/0.109GeV,
mK∗0 (1430) = 1.425GeV, ΓK∗0 (1430) = 0.270GeV, |Vtb| = 1, |Vts| = 0.041,
|Vub| = (3.65± 0.12)× 10−3, |Vus| = 0.224, γ = (73.5+4.2−5.1)◦. (32)
Before presenting our numerical results of the branching fractions and the CP asymmetries, we first declare
the theoretical uncertainties considered in this work associated with the nonpertubative parameters, the higher
order and power corrections, as well as the CKM matrix elements. In dealing with the hadronic decays of B
mesons, the first and foremost uncertainties are from the parameters of the wave functions of the initial and
final states, such as the shape parameter ωB = 0.5 ± 0.05 GeV and the decay constant fB in Bs meson wave
function, and the Gegenbauer moments in DAs of Kπ-pair with different intermediate resonances and also in
DAs of the light mesons, which are supposed to be varied with a 20% range in this work. With the improvements
of the experiments and the deeper theoretical developments, this kind of uncertainties will be reduced. The
second uncertainties are induced by the higher order QCD radiative corrections [115–119] and high power
corrections [120,121] of PQCD, which are reflected by varying the ΛQCD = 0.25± 0.05 and factorization scale t
from 0.8t to 1.2t for convenience. It is found that this kind of uncertainties in CP asymmetries is comparable
with the first one, because the radiative correction and power correction affect the strong phase remarkably.
The last errors are the uncertainties of the CKM matrix elements and the CKM angles, which affect the CP
asymmetries significantly and have marginal effects on the branching fractions.
Table 1: The flavour-averaged branching ratios (in 10−6) of B → KKπ decays with resonances K∗(892),
K∗0 (1430) and K
∗
2 (1430) in PQCD approach, together with the experimental data [29].
Decay Modes PQCD EXP
Bs → K±(K∗±(892)→)
( )
K 0π± 12.2+3.8+4.7+0.5−2.3−2.8−0.0 12.4± 0.8± 0.5± 2.7± 1.3
Bs → K±(
( )
K 0π±)∗0
1 26.0+11.7+7.9+1.0−9.2−6.1−0.8 24.9± 1.8± 0.5± 20.0± 2.6
Bs → K±(K∗±0 (1430)→)
( )
K 0π± 20.9+8.8+6.9+0.7−7.2−4.7−0.2 19.4± 1.4± 0.4± 15.6± 2.0± 0.3
Bs → K±(
( )
K 0π±)NR 13.1
+6.0+3.7+0.4
−5.0−2.9−0.5 11.4± 0.8± 0.2± 9.2± 1.2± 0.5
Bs → K±(K∗±2 (1430)→)
( )
K 0π± 4.4+2.2+1.7+0.5−1.5−1.1−0.0 3.4± 0.8± 0.8± 5.4± 0.4
Bs →
( )
K 0(
( )
K ∗0(892)→)K∓π± 11.4+4.1+5.1+1.3−1.6−3.0−0.0 13.2± 1.9± 0.8± 2.9± 1.4
Bs →
( )
K 0(K∓π±)∗0 25.8
+11.8+8.1+1.1
−9.1−5.8−0.1 26.2± 2.0± 0.7± 7.3± 2.8
Bs →
( )
K 0(
( )
K ∗0(1430)→)K∓π± 20.1+8.9+7.0+1.0−6.9−4.4−0.1 20.5± 1.6± 0.6± 5.7± 2.2± 0.3
Bs →
( )
K 0(K∓π±)NR 12.9
+5.9+3.7+0.4
−4.9−2.9−0.5 12.1± 0.9± 0.3± 3.3± 1.3± 0.5
Bs →
( )
K 0(
( )
K ∗2(1430)→)K∓π± 3.4+1.6+1.4+0.3−1.1−0.9−0.0 5.6± 1.5± 0.6± 7.0± 0.6
1 the notation (Kπ)∗0 indicates the total Kπ S-wave modeled by the LASS line shape.
In Table. 1, we present our numerical results of the branching fractions with the uncertainties discussed
above. In 2019, the LHCb collaboration have achieved their first untagged decay-time-integrated amplitude
analysis of Bs → K0SK±π∓ decays with the resonances K∗(892), K∗0 (1430), and K∗2 (1430), using a sample
corresponding to 3.0 fb−1 of pp collision data [29], and reported the branching fractions with respect to the
corresponding resonances, which are also listed for comparison. It is found that within the uncertainties our
predictions are in good agreement with the experimental data.
In ref. [59], the authors had evaluated the P -wave contributions in decays Bs → (Kπ)K with the branching
fractions as
B(Bs → K+(K∗− →)Kπ) = (7.27+1.55+0.45+0.81−1.66−0.37−0.77)× 10−6,
B(Bs → K−(K∗+ →)Kπ) = (6.96+2.27+1.64+0.32−1.60−1.10−0.31)× 10−6,
B(Bs → K0(K∗0 →)Kπ) = (6.19+1.45+0.12+0.81−1.56−0.14−0.77)× 10−6,
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B(Bs → K0(K∗0 →)Kπ) = (7.16+2.55+1.78+0.31−1.84−1.17−0.28)× 10−6. (33)
Based on the isospin conservation and the relations
Γ(K∗0 → K+π−)
Γ(K∗0 → Kπ) =
2
3
,
Γ(K∗+ → K+π0)
Γ(K∗+ → Kπ) =
1
3
, (34)
one can obtain the results as
B(Bs → K±(K∗±(892)→)
( )
K π±) = (9.45+2.23−1.81)× 10−6, (35)
B(Bs →
( )
K 0(
( )
K ∗0(892)→)K∓π±) = (8.90+2.36−1.87)× 10−6. (36)
One could find that although the above predictions basically match the current LHCb measurements within the
errors, the center values are still a bit smaller than our predictions and the currently available values of LHCb
collaboration. The discrepancy between the two PQCD predictions originates mainly from the Gegenbauer
moments in the DAs of Kπ-pair. Because the width of K∗ is narrow enough, the narrow-width approximation
works well here. Under this approximation, the quasi-two-body decay with the resonance R can be factorized
as
B(B → RP → P1P2P ) = B(B → RP )× B(R→ P1P2). (37)
Assuming B(K∗(892)→ Kπ) = 100% [114], we then estimate the branching fractions of two body Bs → K±K∗∓
decay and Bs →
( )
K 0
( )
K ∗0 to be
B(Bs → K±K∗∓) = (18.3+9.0−5.4)× 10−6, (38)
B(Bs →
( )
K 0
( )
K ∗0) = (17.1+9.9−5.2)× 10−6. (39)
In past few years, these two decays have been studied extensively in different theoretical approaches such as
the QCD factorization (QCDF) [122], the soft-collinear effective theory (SCET) [123], the framework of flavor
symmetry [124], and the PQCD approach [125]. For comparison, the branching fractions predicted in different
approaches are summarized in Table. 2, together with the latest experimental results [29]. It is obvious that
our predictions agree well with not only the current LHCb measurements but also other theoretical results. We
also noted that the results in [125] based on PQCD approach are smaller than both our results and the others,
which can be improved by adopting the latest DAs of light mesons and keeping the power suppressed terms that
are proportional to (m∗K/mB)
2 especially in the denominator of the quark propagator, as indicated in ref. [126].
Table 2: The flavour-averaged branching ratios (in 10−6) of B → KKπ decays with resonances K∗(892),
K∗0 (1430) and K
∗
2 (1430) in PQCD approach, together with the experimental data [29].
Approach Bs → K±K∗∓ Bs →
( )
K 0
( )
K ∗0
QCDF [122] 21.6+12.1−7.8 20.6
+12.4
−8.0
SCET [123] 19.7+5.3−4.5 18.7
+5.2
−4.4
Flavor Symmetry [124] 16.01± 0.91 15.65± 0.87
PQCD [125] 10.7+3.7−2.5 11.6
+4.0
−2.6
This Work 18.3+9.0−5.4 17.1
+9.9
−5.2
Exp [29] 18.6± 4.7 19.8± 5.7
Now, we shall discuss the contribution of S-wave Kπ-pair, which is related to the resonance K∗0 (1430). Due
to the large interference between the resonant and nonresonant contribuions, the so-called LASS line shape is
developed to describe the combined S-wave Kπ-pair around 1.4 GeV. As shown in eq. (7), the first term in
the LASS line shape represents the nonresonant contribution while the second one corresponds to the resonant
amplitude. In view of this, we could calculate three type branching fractions and CP -violation observables,
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corresponding to the nonresonant, resonant and the total S-wave Kπ contributions. All results are listed in
the Table. 1, where we can find that our results are in good agreement with the LHCb measurements within
errors. In ref. [78], the authors studied the contributions of S-wave Kπ resonant in the three-body decays
B/B0s → KKπ, where the Gegenbauer moments they used are same as ones of DAs of K∗0 (1430) [127]. In fact,
the Gegenbauer moments B1 and B3 for the two-meson DAs need not to be identical to that for K
∗
0 (1430),
because they are different nonperturbative quantities describing different objects. As aforementioned, RBW
model fails in describing the S-wave Kπ resonant contribution around 1.4 GeV, due to the large interference
between resonant and nonresonant contributions.
Using the available branching fraction B(K∗0 (1430) → Kπ) = (93 ± 10)% [114], we can naively determine
the branching fractions of the corresponding two-body decays Bs → K±K∗±0 (1430) and Bs →
( )
K 0
( )
K ∗0(1430)
as
B(Bs → K±K∗±0 (1430)) = (33.7+24.3−15.8)× 10−6, (40)
B(Bs →
( )
K 0
( )
K ∗0(1430)) = (32.2
+24.5
−14.8)× 10−6, (41)
which are consistent with the measured values from LHCb collaboration
B(Bs → K±K∗±0 (1430)) = (31.3± 2.3± 0.7± 25.1± 3.3)× 10−6, (42)
B(Bs →
( )
K 0
( )
K ∗0(1430)) = (33.0± 2.5± 0.9± 9.1± 3.5)× 10−6. (43)
Since the LASS line shape allows us to obtain separately the branching fractions of the contributing parts with
respect to resonant part, the effective range part and the coherent sum, after analyzing the predictions of both
two decay processes in Table. 1, we find that the K∗0 (1430) resonance accounts for about 78%, and the effective
range shares as large as 46%, which implies that the destructive interference between the two parts reaches 24%.
The same conclusion has been also drawn in ref. [29].
Now, we move to analyze the decays with the resonance K∗2 (1430). We note that in these decays the D-
wave Kπ-pair cannot be emitted and only be recoiled, due to the fact that the tensor structure can not be
produced through the (V ± A) and (S ± P ) currents. Therefore, this type of quasi-two-body decays has the
small branching fractions in comparison with those decays with the S and P waves. The theoretical results are
presented in Table. 1, which are basically in accordance with the LHCb measurements within the errors. From
the table, one can find that the branching fraction of the Bs → K±(K∗±2 (1430) →)
( )
K 0π± is larger than that
of Bs →
( )
K 0(
( )
K ∗02 (1430) →)K∓π±, because the former decay process gets the enhancement from the colour-
allowed tree level emission diagrams with the K meson emitted, while the latter is a pure penguin process.
Again, using the narrow-width approximation and the branching fraction B(K∗2 (1430)→ Kπ) = (49.9± 1.2)%,
we can determine the branching fractions of the associated two-body decays as
B(Bs → K±K∗±2 (1430)) = (13.2+8.9−5.8)× 10−6, (44)
B(Bs →
( )
K 0
( )
K ∗02 (1430)) = (10.2
+7.0
−4.3)× 10−6, (45)
which are consistent with the experimental data
B(Bs → K±K∗±2 (1430)) = (10.3± 2.5± 1.1± 16.3± 1.1)× 10−6, (46)
B(Bs →
( )
K 0
( )
K ∗02 (1430)) = (16.8± 4.5± 1.7± 21.2± 1.8)× 10−6. (47)
We also note that for the central values of the Bs →
( )
K 0
( )
K ∗02 (1430) there exists discrepancy between our
predictions and experimental data, and it is acceptable because the uncertainties in both sides are rather
large. So, the theoretical calculation and experimental measurements with high precision in future are needed.
Furthermore, our current predictions are basically in agreement with the previous studies [98] based on PQCD
approach within errors.
In the light of the isospin symmetry, we obtain the relation between the decays Bs → K∓(K∗± →)K±π0,
Bs →
( )
K 0(
( )
K ∗0 →) ( )K 0π0 and the decays we concerned as follows
R =
Bs → K∓(K∗± →)K±π0
Bs → K±(K∗± →)
( )
K 0π±
=
Bs →
( )
K 0(
( )
K ∗0 →) ( )K 0π0
Bs →
( )
K 0(
( )
K ∗0 →)K∓π±
=
1
2
, (48)
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which can also be confirmed by the narrow-width approximation, since the branching ratios of
( )
K ∗0 → K±π∓
andK∗± → ( )K 0π± are the two times larger than the corresponding processes ( )K ∗0 → ( )K 0π0 andK∗± → K±π0,
respectively.
As is known to all, about 50 years ago the phenomenon of CP violation was discovered and headed to
interpret the imbalance between matter and anti-matter. Therefore, it has always being the hot topic in heavy
flavor physics and attracted a lot of attention. In SM, the CKM mechanism involving a complex parameter
provides the weak phases to satisfy the requirement of CP asymmetry. However, the CKM mechanism for
producing CP violation was found to be several orders of magnitude too small to explain the matter domination
in the Universe. Thus both experimentalists and theorists have been on the lookout for sources of CP violation
beyond SM, and such searching is also one of motivations for searching for new physics beyond SM. Compared
with the Bu,d system, some Bs decays offers an excellent opportunity to probe the effects of new physics, because
in SM the CP violation effects are suppressed and are expected to be small. For example, the angle β describing
the mixing of Bd system is proved to be of order of 22
◦, while the mixing angle βs in Bs system is as tiny as
1◦, which may increase the new physics sensitivity with more accurate measurements. In addition, compared to
the two-body B decays, the multibody decays exhibit much larger CP asymmetries in various regions of phase
space, which would be useful for exploring the abundant sources of CP violation both at low and high invariant
mass. Overall, the full QCD-based theoretical analysis of these decays is still missing and model dependent. In
ref. [128], the authors introduce a model ansatz to uncover the mechanism of CP asymmetries and emphasize
the importance of the open-charm threshold in the high invariant mass region. In refs. [50, 51], the authors
have also analyzed the direct CP violations in charmless three-body decays of B/Bs decays in detail within
a simple model based on the framework of the factorization approach. Since the sources of the CP violation
are so complicated and not well established clearly, we firstly study the resonant contributions which can be
evaluated by adopting proper models.
Motivated above discussions, we will take the decay B
0
s/B
0
s → (
( )
K 0π±)K∓ as an example and study the
resonant contributions to the CP -violation observables of these considered three-body decays. As a neutral
meson, the flavour eigenstate B0s can transform into its anti-particle B
0
s via box diagrams, so at the time t the
|Bs(t)〉 produced from the B0s at t = 0 will also have components of B0s and B
0
s. As a result, the CP asymmetries
of them are very complicated. Here one studies the four time-dependent decay widths for B
0
s/B
0
s → (
( )
K 0π±)K∓
decays, the widths of which can be written as
Af = |B0s → f〉 = 〈(K0π+)K−|Heff |B0s 〉, Af = |B
0
s → f〉 = 〈(K0π+)K−|Heff |B
0
s〉,
Af¯ = |B
0
s → f¯〉 = 〈(K
0
π−)K+|Heff |B0s〉, Af¯ = |B0s → f¯〉 = 〈(K
0
π−)K+|Heff |B0s 〉, (49)
The matrix elements of |B0s → f〉 and |B
0
s → f¯〉 have been given in eqs. (26) and (27), respectively. The
matrix elements |B0s → f〉 and |B0s → f¯〉 are obtained by changing the signs of the weak phases contained in
the products of the CKM matrix elements. Since the flavor eigenstate Bs can transform into anti-particle B¯s
and the physical eigenstates of the mesons with definite mass and decay rate can be presented as the linear
combinations as follows
|BL,Hs 〉 = p|B0s 〉 ± q|B
0
s〉, (50)
with |p|2 + |q|2 = 1, and
q
p
=
V ∗tbVts
VtbV ∗ts
= e−2iβs . (51)
So, |q/p| = 1, and this ratio has only a phase given by −2βs. Here we neglect the tiny difference between
the mass eigenstates and the CP eigenstates with the B
L(H)
s being the CP even (odd) state as suggested in
ref. [129].
After considering the time evolution of the decay rate, the three-body decay width Γ of |B0s (t)〉 decay to the
final state (K0π+)K− depends on the time t and invariant mass ω [130],
11
Γ[B0s (t)→ f ](ω, t) =
1
2
|Af |2(1 + |λf |2)e−Γst
[
cosh
(∆Γst
2
)
+Df sinh
(∆Γst
2
)
+ Cf cos(∆mst)− Sf sin(∆mst)
]
, (52)
Γ[B
0
s(t)→ f ](ω, t) =
1
2
|Af |2 | p
q
|2 (1 + |λf |2)e−Γst
[
cosh
(
∆Γst
2
)
+Df sinh
(
∆Γst
2
)
− Cf cos(∆mst) + Sf sin(∆mst)
]
, (53)
Γ[B
0
s(t)→ f¯ ](ω, t) =
1
2
|Af¯ |2(1 + |λf¯ |2)e−Γst
[
cosh
(∆Γst
2
)
+Df¯ sinh
(∆Γst
2
)
+ Cf¯ cos(∆mst)− Sf¯ sin(∆mst)
]
, (54)
Γ[B0s (t)→ f¯ ](ω, t) =
1
2
|Af¯ |2 |
q
p
|2 (1 + |λf¯ |2)e−Γst
[
cosh
(∆Γst
2
)
+Df¯ sinh
(∆Γst
2
)
− Cf¯ cos(∆mst) + Sf¯ sin(∆mst)
]
, (55)
with
λf =
q
p
Af
Af , λf¯ =
p
q
Af¯
Af¯
. (56)
The symbols ∆Γs and ∆ms are the width difference and mass difference respectively. In these evolution
equations there are six CP asymmetry observables, and they are defined as
Cf =
1− |λf |2
1 + |λf |2 , Df =
Re(λf )
1 + |λf |2 , Sf =
Im(λf )
1 + |λf |2 ; (57)
Cf¯ =
1− | λf¯ |2
1+ | λf¯ |2
, Sf¯ =
2Im(λf¯ )
1+ | λf¯ |2
Df¯ =
2Re(λf¯ )
1+ | λf¯ |2
. (58)
As for decays
( )
B0s → (K±π∓)
( )
K 0, we set f = (K+π−)K
0
in the following discussions.
In the Table. 3, we list all the PQCD predictions to the six CP asymmetry observables with all uncertainties.
The parameters Cf and Cf¯ reflect another type of direct CP violations, which are different from the traditional
direct CP violation. From the table, we find that Cf and Cf¯ in the decays Bs → K±(K∗±(892) →)
( )
K 0π±
are rather large, and it is because the tree level transition b → suu¯ contributes to the two decays in different
ways. For the decay B
0
s → (K0π+)K−, K− is emitted and (K0π+)-pair is recoiled, while for B0s → (K0π+)K−,
(K0π+)-pair is emitted and K− is recoiled. This reason is also the key factor to explain the large direct CP
asymmetries in the two-body Bs → K∗+K−/K∗−K+ decays, as pointed out in ref. [125]. However, the decays
( )
B0s → (K±π∓)
( )
K 0 are pure penguin processes, there are no direct CP asymmetries in these two decays, so we
have Cf = Cf¯ , as shown in Table. 3. It is also found that Df (Df¯ ) and Sf (Sf¯ ) are large, which indicates that
the four decay amplitudes are comparable in magnitude and interfere strongly. These results could be tested in
the ongoing LHCb experiments.
4 Summary
In this work, motivated by the latest LHCb measurements, we have investigated the quasi-two-body decays
Bs →
( )
K 0K±π∓ with the S, P , D partial wave intermediate states K∗0 (1430), K
∗(892), and K∗2 (1430) to
predict the branching ratios by choosing appropriate Kπ pair wave function within the perturbative QCD
approach. The branching fractions we calculated are in good agreement with experimental results. In previous
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Table 3: The CP -violation observables in B → KKπ decays with resonances K∗(892), K∗0 (1430) and K∗2 (1430)
in PQCD approach.
Decay Modes Cf Df Sf
Bs → K±(K∗±(892)→)
( )
K 0π± −0.54+0.05+0.07+0.00−0.30−0.16−0.12 −0.61+0.35+0.07+0.08−0.10−0.04−0.00 −0.57+0.20+0.12+0.10−0.15−0.02−0.03
Bs → K±(
( )
K 0π±)∗0 −0.03+0.03+0.04+0.00−0.11−0.14−0.05 0.93+0.05+0.03+0.02−0.04−0.00−0.00 −0.35+0.16+0.10+0.07−0.09−0.00−0.00
Bs → K±(K∗±0 (1430)→)
( )
K 0π± −0.01+0.07+0.07+0.00−0.10−0.13−0.04 0.91+0.06+0.04+0.03−0.05−0.00−0.00 −0.39+0.17+0.11+0.07−0.09−0.00−0.00
Bs → K±(
( )
K 0π±)NR −0.16+0.06+0.03+0.00−0.08−0.16−0.05 0.93+0.05+0.01+0.01−0.04−0.01−0.00 −0.34+0.15+0.09+0.06−0.08−0.00−0.00
Bs → K±(K∗±2 (1430)→)
( )
K 0π± 0.16+0.30+0.25+0.20−0.00−0.00−0.00 0.79
+0.00+0.00+0.00
−0.21−0.33−0.06 −0.58+0.07+0.00+0.07−0.15−0.10−0.00
Bs →
( )
K 0(
( )
K ∗0(892)→)K∓π± 0.061+0.09+0.04+0.02−0.20−0.07−0.04 −0.85+0.10+0.00+0.00−0.10−0.05−0.01 −0.51+0.18+0.10+0.03−0.13−0.00−0.00
Bs →
( )
K 0(K∓π±)∗0 −0.02+0.19+0.09+0.05−0.02−0.06−0.00 0.93+0.04+0.02+0.00−0.05−0.01−0.01 −0.37+0.12+0.05+0.00−0.11−0.01−0.02
Bs →
( )
K 0(
( )
K ∗0(1430)→)K∓π± 0.03+0.21+0.07+0.05−0.01−0.07−0.00 0.90+0.06+0.02+0.00−0.08−0.01−0.01 −0.42+0.14+0.08+0.00−0.12−0.01−0.02
Bs →
( )
K 0(K∓π±)NR −0.13+0.06+0.10+0.04−0.05−0.12−0.00 0.91+0.06+0.04+0.01−0.03−0.01−0.00 −0.38+0.15+0.09+0.01−0.08−0.02−0.01
Bs →
( )
K 0(
( )
K ∗2(1430)→)K∓π± −0.21+0.34+0.24+0.18−0.00−0.00−0.00 0.93+0.06+0.01+0.03−0.02−0.01−0.00 −0.29+0.03+0.00+0.07−0.05−0.07−0.04
Cf¯ Df¯ Sf¯
Bs → K±(K∗±(892)→)
( )
K 0π± 0.61+0.11+0.10+0.05−0.14−0.11−0.06 −0.74+0.11+0.07+0.03−0.12−0.07−0.03 −0.26+0.11+0.17+0.05−0.08−0.11−0.03
Bs → K±(
( )
K 0π±)∗0 0.08
+0.09+0.01+0.00
−0.10−0.10−0.12 0.94
+0.04+0.02+0.01
−0.03−0.00−0.00 −0.31+0.14+0.06+0.02−0.06−0.00−0.00
Bs → K±(K∗±0 (1430)→)
( )
K 0π± 0.13+0.14+0.03+0.00−0.13−0.12−0.13 0.93
+0.06+0.02+0.01
−0.06−0.00−0.00 −0.35+0.14+0.05+0.02−0.08−0.00−0.02
Bs → K±(
( )
K 0π±)NR −0.06+0.10+0.06+0.05−0.04−0.13−0.03 0.95+0.03+0.01+0.01−0.03−0.01−0.00 −0.30+0.12+0.05+0.02−0.09−0.01−0.01
Bs → K±(K∗±2 (1430)→)
( )
K 0π± −0.42+0.34+0.20+0.10−0.03−0.00−0.00 0.90+0.11+0.07+0.03−0.21−0.00−0.00 −0.09+0.00+0.02+0.00−0.12−0.12−0.14
Bs →
( )
K 0(
( )
K ∗0(892)→)K∓π± 0.061+0.19+0.11+0.00−0.18−0.10−0.00 −0.83+0.08+0.05−0.00−0.09−0.01+0.00 −0.54+0.17+0.10+0.01−0.09−0.01−0.00
Bs →
( )
K 0(K∓π±)∗0 −0.02+0.10+0.09+0.02−0.07−0.06−0.02 0.94+0.02+0.00+0.01−0.08−0.01−0.00 −0.33+0.18+0.01+0.02−0.07−0.01−0.01
Bs →
( )
K 0(
( )
K ∗0(1430)→)K∓π± 0.03+0.11+0.10+0.00−0.10−0.07−0.03 0.92+0.04+0.00+0.01−0.10−0.00−0.01 −0.38+0.10+0.02+0.01−0.19−0.01−0.01
Bs →
( )
K 0(K∓π±)NR −0.13+0.06+0.12+0.02−0.05−0.10−0.00 0.93+0.04+0.01+0.01−0.06−0.01−0.00 −0.34+0.10+0.04+0.03−0.15−0.01−0.00
Bs →
( )
K 0(
( )
K ∗2(1430)→)K∓π± −0.21+0.33+0.25+0.13−0.00−0.00−0.00 0.95+0.03+0.02+0.00−0.02−0.00−0.03 −0.22+0.00+0.01+0.00−0.19−0.07−0.17
studies, the decays with K∗0 (1430) and K
∗(892) as resonances have been explored with some different wave
functions or the model of line shape describing the inner interactions in the Kπ-pair. In comparison, both
resonant and nonresonant contributions are included in our calculations. Using the narrow-width approximation
and the well measured branching fractions of K∗ → Kπ, we have also estimated the branching fractions
of the two-body decays Bs → KK∗ decays, which are in good agreement with the experimental data and
other previous predictions based on QCDF, SCET, PQCD and the flavour symmetry within the uncertainties.
Based on the isospin symmetry and the narrow-width approximation, we can get the relationship between the
Bs → (K±π0)K∓, Bs → (
( )
K 0π0)
( )
K 0 and the considered decays in this work, and then the branching fractions
can be obtained directly. Because the final states are not flavour-specific and both Bs and Bs can decay to
them with comparable decay amplitudes, the large interference will lead to large CP asymmetries. The six
observables have also been calculated, which can be tested in the ongoing LHCb experiment.
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